Abstract. Tris-fused tetrathiafulvalenes, TTC n -TTPY (n = 2-5) have been prepared, and the structural and conducting properties have been investigated. The neutral crystals of TTC n -TTPY exhibit low electrical resistivity as a neutral organics; the lowest is 80 FP LQ 77& 2 -TTPY. When TTC n -TTPY is exposed to iodine vapor, the sample becomes highly conducting in a few minutes, but again becomes insulating on account of overdoping. When taken out from the iodine atmosphere, the high conducting state is recovered, and the high conducting sample shows metallic conductivity and thermoelectric power down to helium temperatures.
INTRODUCTION
Tetrathiafulvalenes (TTF) are excellent organic donors that constitute most organic superconductors. In this respect, we have investigated many bis-fused TTF's, called tetrathiapentalenes (TTP or symbolically 2TTF) [1] . TTP's have afforded many metallic charge-transfer complexes stable down to low temperatures. In the present work, we have prepared tris-fused TTF's (TTPY, or 3TTF) with four alkylthio chains, TTC n -TTPY (n = 2-5) [2, 3] , and investigated the structural and conducting properties.
RESULTS
TTC n -TTPY (n = 2-5) are prepared according to the usual coupling reactions [2, 3] . The cyclic voltammetry shows three stages of two electron transfers; the first and the second oxidations occur successively. The three waves generate hexa cations in agreement with the presence of the six 1,3-dithiole rings. Crystal structures of the neutral crystals have been solved for n = 2-5. All neutral FU\VWDOV KDYH -type stacking structures, which are analogous to the "molecular fastener" structure in TTC n -TTF [4] . The melting points are, however, comparatively high (> 224 o C), indicating the aggregation owing to the alkyl chains are relatively unimportant. The molecules of the n = odd crystals are tilted alternately in the opposite directions in the successive sheets, whereas the n = even crystals have uniform arrangement. This even-odd alternation depending on the alkyl chain length is analogous to antiferroelectric and ferroelectric molecular arrangements in liquid crystals [5] . FP LQ %(7-TTF [9] . These are comparable to boron-containing phenalenyl neutral radicals (20-100 Ωcm) [10] , though even metallic conductivity (0.0025 Ωcm) has been realized in a neutral metal complex containing TTF in the ligand [11] .
TTC n -TTPY (3TTF) TTC n -TTP (2TTF)
Since the conventional electrocrystallization is not successful, we have prepared the chargetransfer salts by the direct reactions. When TTC n -TTPY is exposed to iodine vapor (Fig. 1) , the resistivity drops below 1 Ωcm in a few minutes, but again increases to the order of 100 Ωcm on account of overdoping. Conversely, upon doping, the resistivity of TTF and TTP attains a nearly constant value in a few minutes, and overdoping is not observed. This is related to the close appearance of the first and the second oxidations in the cyclic voltammetry, in contrast to the separated oxidations in TTF and TTP. However, when taken out from the iodine atmosphere, the resistivity gradually drops, and the high conducting state is recovered. EDS shows that the high conducting sample has approximately donor : anion = 1:1 composition by assuming the presence of I 3 -. The doped sample shows, upon cooling, a slowly increasing resistivity, but after tempered at 75 Û& for several hours, the sample shows metallic conductivity down to helium temperatures. The doped samples exhibit, even without annealing, small thermoelectric power and the temperature dependence is basically linear down to low temperatures (Fig. 2) . Because thermoelectric power is relatively insensitive to the mosaic structure, this observation demonstrates the metallic nature of the chargetransfer salts. 
